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A Numerical Study of the Vertical Transport of Water Vapor
by Intense Convection over the Tibetan Plateau
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Abstract The vertical transport of water vapor by a severe convective process occurring in Nagqu area over the Ti-
betan Plateau has been investigated using the Weather Research Forecast (WRF) model with different cloud micro-
physical schemes. The simulated characteristics of the storm reveal good agreement with observations, such as the
onset and location of convection and precipitation. The results show that when the convective cloud arises, the up-
ward flux of water vapor over the convective region increases at first then declines with altitude, and is not sensitive
to cloud microphysical schemes. Similar trend is also found for the total water vapor integrated over a period of 24

hours. A further analysis shows that this trend is correlated to the vertical updraft in the cloud, that is, both the
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short-time humidifying effect in the upper troposphere and duration are sensitive to cloud microphysical parameter-

ization schemes. The largest difference of the maximum upper tropospheric water vapor mixing ratio can reach

20. 3% among different schemes, leading to humidifying lasting from 1. 5 to 7 hours. Taking a 24-hour average can

reduce the sensitivity of upper troposphere humidity, but the maximum still reaches 14. 3%. The results of this

study indicate that when the WRF model is used for studies of the effects of deep convection on the upper tropo-

spheric water vapor, the uncertainty induced by using different microphysical schemes cannot be neglected within 24-

hour time scale.

Key words Tibetan Plateau, convective cloud, transport of water vapor, model simulation
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Fig. 2 The contrast between simulated cloud hydrometeor mixing ratio at 10-km height and visible light cloud chart: (a) NOAA satellite cloud image
of the visible light with 1-km resolution; (b) Lin scheme; (¢) Morrison scheme; (d) WSM 6-class scheme; (e) Goddard GCE scheme; (f) Thomp-

son scheme
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Lin Morrison ~ WSM 6-class  Goddard Thompson - TF i
240 % % Wik GCE 7% U S HifE (1979)
300 hPa /KK B % EE /mg - m2 - s ! 7.5 10. 3 5.3 6.2 7.8 2.0
500 hPa /K5I H %@ & /mg-m 2 - s} 154. 3 71.7 147. 6 104. 8 86. 8 14.4

RS BRARRAKRBEZTEMAESEXLL

Table 5 Contrast of the maximum water vapor flux density and its altitude for every scheme
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Fig. 4 Height-time variation of water vapor vertical flux density: (a) Lin scheme; (b) Morrison scheme; (¢) WSM 6-class scheme; (d)

Goddard GCE scheme; (e) Thompson scheme
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Fig. 6 (a) Vertical speed variation with altitude; (b) water vapor mixing ratio variation with altitude; (c) pressure variation with altitude;

(d) temperature variation with altitude
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Fig. 7 Time variation of water vapor mixing ratio averaged over 12 - 17 km (unit; g/kg)
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Fig. 8 Time variation of water vapor flux at 12-km height
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Table 6 The average water vapor mixing ratio in 12 - 17-km

height range for 24 h

S WIES KIRAE /g - kg ™!
Lin 7% 0. 0442
Morrison J5 % 0. 0505
WSM 6 - class J5% 0. 0447
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Thompson J5 % 0. 0497
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